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ABSTRACT

A modulation circuit includes a phase locked loop (PLL)
circuit, a scalar circuit and a sigma-delta modulator. The
PLL circuit 1s for generating an output oscillating signal 1n
response to a reference signal, a first control signal and a
second control signal. The scalar circuit 1s for generating the
first control signal 1n response to modulating data to control
frequency deviation of the output oscillating signal, wherein
the first control signal 1s 1n a digital form. The sigma-delta
modulator 1s for generating the second control signal accord-
ing to the modulating data to modulate a divider value of a
frequency divider of the PLL circuait.

19 Claims, 7 Drawing Sheets
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400

Settle the LL circuit 402

Apply a frequeny step to the first ~404
and second inputs of the PLL circuit

Quantize phase diﬁerece information between ~406
the reference signal and the divided signal

Accumulate the quantized phase difference
information during a first time interval and a second ~408

time interval to generate a first accumulated result
and a second accumulated result, respectively

Compare the first accumulated result with the second
accumulated result to generate the comparison ~410
result, and adjust the calibration gain of the gain
compensator according to the comparison result

Is the gain
mismatching within a

tolerance?
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MODULATION CIRCUIT AND OPERATING
METHOD THEREOFK

This application claims the benefits of U.S. provisional
patent application No. 62/075,368, filed Nov. 5, 2014 and

No. 62/075,370, filed Nov. 35, 2014, the disclosures of which
are 1ncorporated by reference herein in its entirety.

TECHNICAL FIELD

The disclosure relates in general to a modulation circuit
and an operating method thereof.

BACKGROUND

Two-point modulation technique 1s widely used in tele-
communications and avoids an 1ssue of limited bandwidth of
a phase-locked loop (PLL) by an approach of splitting the
modulating data into two parts: one 1s transmitted to the
voltage-controlled oscillator (VCQO), and the other one 1s to
the delta-sigma modulator (SDM). However, a two-point
modulator requires a digital to analog converter (DAC)
and/or other circuits at the mput of the VCO to convert the
modulating data into an analog form, and hence the power
consumption of the device 1s increased. Moreover, the gain
mismatching between two modulation paths causing signal
distortion 1s another issue.

Therefore, there 1s a need to provide a simple, low power,
low cost and self-calibration modulation circuit and operat-
ing method thereof.

SUMMARY

The disclosure 1s directed to a modulation circuit and an
operating method thereof.

According to one embodiment, a modulation circuit 1s
provided. The modulation circuit includes a phase locked
loop (PLL) circuit, a scalar circuit and a sigma-delta modu-
lator. The PLL circuit 1s for generating an output oscillating
signal 1n response to a reference signal, a first control signal
and a second control signal. The scalar circuit 1s for gener-
ating the first control signal 1n response to modulating data
to control frequency dewviation of the output oscillating
signal, wherein the first control signal 1s 1n a digital form.
The sigma-delta modulator 1s for generating the second
control signal according to the modulating data to modulate
a divider value of a frequency divider of the PLL circuat.

According to another embodiment, an operating method
of a modulation circuit 1s provided. The operating method
includes steps of: generating, by a phase locked loop (PLL)
circuit, an output oscillating signal 1n response to a reference
signal, a first control signal and a second control signal;
generating, by a scalar circuit coupled to the PLL circuit, the
first control signal 1 response to modulating data to control
frequency deviation of the output oscillating signal, wherein
the first control signal 1s 1n a digital form; and generating, by
a sigma-delta modulator, the second control signal according
to the modulating data to modulate a divider value of a
frequency divider of the PLL circuait.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a modulation circuit according to an
embodiment of the present disclosure.

FIG. 2 1llustrates an oscillating module according to an
embodiment of the present disclosure.
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2

FIG. 3 illustrates a modulation circuit having gain cali-
bration capability according an embodiment of the present
disclosure.

FIG. 4 1llustrates a flowchart of an operating method for
calibrating gain mismatching of the modulation circuit
according to an embodiment of the present disclosure.

FIG. 5 1s an exemplary timing diagram illustrating dif-
ferent stages of a PLL circuit during the gain calibration.

FIG. 6 1llustrates a modulation circuit according another
embodiment of the present disclosure.

FIG. 7 1llustrates a flowchart of an operating method for
calibrating gain mismatching of the modulation circuit
according to an embodiment of the present disclosure.

In the following detailed description, for purposes of
explanation, numerous specific details are set forth 1in order
to provide a thorough understanding of the disclosed
embodiments. It will be apparent, however, that one or more
embodiments may be practiced without these specific
details. In other instances, well-known structures and
devices are schematically shown in order to simplify the
drawing.

DETAILED DESCRIPTION

Below, exemplary embodiments will be described in
detail with reference to accompanying drawings so as to be
casily realized by a person having ordinary knowledge in the
art. The mventive concept may be embodied i1n various
forms without being limited to the exemplary embodiments
set forth herein. Descriptions of well-known parts are omit-
ted for clarity, and like reference numerals refer to like
clements throughout.

FIG. 1 illustrates a modulation circuit 10 according to an
embodiment of the present disclosure. The modulation cir-
cuit 10 can be used 1n a transmitter that adopts two-point
modulation architecture, which may provide frequency
modulation for various modulation formats. As illustrated in
FIG. 1, the modulation circuit 10 receives modulating data
MD wvia a first mput IN1 and a second mput IN2, and
generates an output oscillating signal S_out. The modulating
data MD from the first input IN1 1s converted into a first
control signal S_c1, and the modulating data MD from the
second 1mput IN2 1s converted into a second control signal
S_c2.

The modulation circuit 10 comprises a phase locked loop
(PLL) circuit 100, a sigma-delta modulator (SDM) 112 and
a scalar circuit 114. The PLL circuit 100 generates the output
oscillating signal S_out 1n response to a reference signal
S_rel, the first control signal S_c1 and the second control
signal S_c2. The scalar circuit 114 1s coupled to the PLL
circuit 100, and generates the first control signal S_c1 1n
response to the modulating data MD to control frequency
deviation of the output oscillating signal S_out. The SDM
112 generates the second control signal S_c2 according to
the modulating data MD to modulate a divider value of a
frequency divider 110 of the PLL circuit 100.

The PLL circuit 100 1ncludes an oscillating module 102,
a phase frequency detector 104, a charge pump 106, a loop
filter 108 and the frequency divider 110. The oscillating
module 102 generates the output oscillating signal S_out 1n
response to a filtered signal S_{1 from the loop filter 108 and
the first control signal S_c1 from the scalar circuit 114. The
oscillating module 102 1ncludes a digital controlled oscilla-
tor (DCO) 1020 and a voltage controlled oscillator (VCO)
1022. The first control signal S_c1 controls the capacitance
of the DCO 1020 to adjust the frequency of the output
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oscillating signal S_out. The VCO 1022 performs phase-
locking 1n response to the filtered signal S_{.

In the embodiment, the first control signal S_c1 1s 1 a
digital form, which indicates an estimated tuning gain (Kd)
of the oscillating module 102. The estimated tuning gain
represents an estimated amount of frequency deviation that
results from a umit-cell-change 1n the DCO 1020. For
example, 11 the modulating data MD corresponds to a target
frequency Ft, the first control signal S_c1 generated by the
scalar circuit 114 can be specified by round|Ft/Kd], which
indicates a number of frequency tuning cells of the DCO
1020 activated/deactivated to reach an expected frequency

deviation for the output oscillating signal S_out. Since the
DCO 1020 can be adjusted by the first control signal S_cl

in a digital form, an additional digital to analog converter
(DAC) for converting the modulating data MD to an analog
form 1s not necessary, and hence a simpler, low cost and low
power modulation circuit can be realized.

The phase frequency detector 104 receives the reference
signal S_ref and a divided signal S_d from the frequency
divider 110 to detect a phase diflerence between the refer-
ence signal S_ref and the divided signal S_d. The frequency
divider 110 receives the output oscillating signal S_out and
generates the divided signal S_d 1n response to the output
oscillating signal S_out and the second control signal S_c2.
In one embodiment, the phase frequency detector 104 com-
pares the reference signal S_ref with the divided signal S_d
to enable the charge pump 106 in response to a phase
difference between the reference signal S_ref and the
divided signal S_d. When the phase diflerence reaches zero,
the PLL circuit 100 enters a phase-locked state.

The charge pump 106 1s coupled to the output of the phase
frequency detector 104 to generate an amount ol charge
proportional to the phase difference between the reference
signal S_ref and a divided signal S_d.

The loop filter 108, coupled to the charge pump 106,
outputs the filtered signal S_1 1n response to the detected
phase difference. In an embodiment, the loop filter 108 filters
signals obtained from the charge pump 106 to generate the
filtered signal S_1, and the oscillating module 102 may
respond to the received filtered signal S_1 to control the
oscillation of the VCO 1022.

The frequency divider 110, coupled to the oscillating
module 102 and the phase frequency detector 104, 1s con-
figured to divide frequency of the output oscillating signal
S_out by a divider value (e.g., N) to generate the divided
signal S_d. By changing the divider value dynamically, the
average ol the division becomes a fractional number, and the
equivalent frequency of the output oscillating signal S_out 1s
given by Fo=Fr*N.F, where Fr 1s the frequency of the
reference signal S_ref and F i1s the fractional part of the
divider value. Thus, with a modulation of the divider value,
the frequency of the output oscillating signal S_out can be
adjusted.

FIG. 2 illustrates an exemplary circuit diagram of the
oscillating module 102. The oscillating module 102 1includes

a LC (inductor, capacitor) resonant tank 210 that includes a
digital controlled capacitor bank 2102 for the DCO 1020 and

a voltage tuning capacitor bank 2104 for the VCO 1022. The
digital controlled capacitor bank 2102 includes a plurality of
frequency tuning cells TC that each of which includes one
or more capacitors C1 and one or more switches SW. In
response the first control signal S_cl1, each switch SW 1s
selectively switched on/ofl, and hence the capacitance of the
digital controlled capacitor bank 2102 1s changed. In such
instance, the estimated tuning gain of the oscillating module
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4

102 1s directed to an estimated amount of
tion that results from switching on/ofl one
cell TC of the DCO 1020.

The voltage tuning capacitor bank 2104 includes one or
more varactors C2 whose capacitance 1s controlled by the
filtered signal S_{1. The total resonant capacitance of the LC
resonant tank 210 of the oscillating module 102 can be
divided 1nto two parts: the first part 1s determined by the first
control signal S_c1, and the second part 1s determined by the
filtered signal S_1, wherein the change of the former 1is
dominated by the modulating data MD), while the change of
the latter 1s dominated by the phase difference between the
output oscillating signal S_out and the reference signal
S ref. Note that the oscillator architecture shown 1n FIG. 2
1s just one way ol implementing the present disclosure. It 1s
given for illustration purposes, not for restriction purposes,
as the oscillator can be implemented in many different ways
as long as the oscillator includes a capacitor bank whose
capacitance 1s changed in response to the modulating data.

The abovementioned estimated tuming gain may vary in
response to the operating Ifrequency, temperature and/or
process variation. Furthermore, when the estimated tuning
gain 1s larger or smaller than that at the path for the second
input of the PLL circuit (e.g., the gain for the SDM), the
frequency response may severely deteriorate the output
oscillating signal. Therefore, 1n some cases, gain calibration
1s required to compensate for the variations.

FIG. 3 illustrates a modulation circuit 30 having gain
calibration capability according an embodiment of the pres-
ent disclosure. The modulation circuit 30 further comprises
a phase quantizer 302 and a calibration circuit 304.

The phase quantizer 302 1s configured to quantize the
phase diflerence mnformation between reference signal S_ref
and divided signal S_d and generate quantized phase dii-
ference information 1n digital format accordingly. The phase
quantizer 302 can be implemented by a time-to-digital
converter (1DC) or other type of phase quantizer.

The calibration circuit 304, coupled to the phase quantizer
302, recerves the quantized phase difference information 1n
digital format. The calibration circuit 304 accumulates the
quantized phase difference information during a first time
interval to obtain a first accumulated result, accumulates the
quantized phase difference information during a second time
interval to obtain a second accumulated result and calibrates
the estimated tuning gain 1n response to a comparison result
of the first accumulated result and the second accumulated
result.

The calibration circuit 304 includes an accumulator 306,
a first register 308, a second register 310, a comparator 312,
a gain searching circuit 314 and a gain compensator 316.
The accumulator 306, coupled to the phase quantizer 302,
accumulates the quantlzed phase difference 111f0nnat1011
during the first time interval to generate the first accumu-
lated result, and accumulate the quantized phase difference
information during the second time interval to generate the
second accumulated result. In one embodiment, lengths of
the first time 1nterval and the second time interval (i.e., the
integration time) are equal.

In an embodiment, the accumulator 306 generates the first
and second accumulated results by integrating the quantized
phase difference information during the first and second time
intervals, respectively. For example, the PLL circuit 100 1s
settling (not yet phase-locked) during the first time interval
and 1s settled (phase-locked) during the second time interval.
In such 1nstance, the first accumulated result includes a static
phase error and a dynamic phase error, while the second
accumulated result includes the static phase error only. The

frequency devia-
frequency tuning
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static phase error may occur due to the current mismatch of
the charge pump 106 and/or the static current in the charge
pump 106 when the PLL circuit 100 operates 1n the phased-
locked state. The dynamic phase error may occur due to the
mismatch of the estimated tuning gain of the oscillating
module 102. Accordingly, to avoid a wrong calibration result
of the estimated tuning gain due to the mtroduction of the
static phase error 1n the calibration, a comparison result
between the first and second accumulated results 1s used in
the following gain calibration procedure.

As shown 1n FIG. 3, the first register 308 1s configured to
store the first accumulated result, and the second register 310
1s configured to store the second accumulated result. The
comparator 312, coupled to the first register 308 and the
second register 310, compares the magnitude of the first
accumulated result with the magnitude of the second accu-
mulated result to generate the comparison result. The com-
parator 312 can be a 1-bit comparator, a subtracter or any
other device capable of outputting difference information
between two signals. The gain searching circuit 314,
coupled to the comparator 312 and the gain compensator
316, receives the comparison result and adjusts the gain of
the gaimn compensator 316 according to the comparison
result. The adjusted gain 1s used as a calibration gain for the
modulating data MD. As shown in FIG. 3, the gain com-
pensator 316, coupled to the scalar circuit 114, may modily
the modulating data MD received from the first imnput IN1
with the calibration gain to mitigate/minimalize the mis-
match of the estimated tuning gain of the oscillating module
102.

In the example of FIG. 3, the gain searching circuit 314
comprises a sign bit register 318 and a successive approxi-
mation register (SAR) 320. The sign bit register 318 15 used
to store a sign bit of the comparison result between the first
and second accumulated results. For example, 11 the mag-
nitude of the first accumulated result 1s larger than that of the
second accumulated result, the sign bit (e.g., 1) may have a
first value that indicates the comparison result 1s positive. If
the magnitude of the first accumulated result 1s less than that
of the second accumulated result, the sign bit may have a
second value (e.g., 0) that indicates the comparison result 1s
negative. Then, the SAR 320 adjusts the calibration gain
according to the sign bit. For example, the SAR 320 employs
a successive approximation algorithm to find the optimal
calibration gain of the gain compensator 316, such that the
dynamic phase error 1s eliminated or minimized.

FI1G. 4 illustrates a flowchart 400 of an operating method
for calibrating gain mismatch of the modulation circuit 30
according to an embodiment of the present disclosure. At
first, the PLL circuit 100 of the modulation circuit 30 1s
settled (e.g., locked to a carrier frequency) (step 402). Then,
a frequency step 1s applied to the first input IN1 and the
second input IN2 of the PLL circuit 100 (step 404). In
response to the applied frequency step, the phase quantizer
302 guantizes the phase difference information between
reference signal S_ref and divided signal S_d to generate
quantized phase diflerence information i digital format
accordingly (step 406). And, the calibration circuit 304
accumulates the quantized phase difference information
during a first time interval to generate a first accumulated
result, accumulates the quantized phase difference informa-
tion during a second time interval to generate a second
accumulated result (step 408), compares the first accumu-
lated result with the second accumulated result to generate
the comparison result, and adjusts the calibration gain of the
gain compensator 316 according to the comparison result
(step 410). In one embodiment, based on SAR searching
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algorithm, the adjusting step 1s pertormed iteratively until
the gain mismatching 1s within a tolerance (step 412).

As a briel summary of flowchart 400, the basis of the
calibration 1s the gain at the path of second input IN2 (SDM
path). If there 1s a gain mismatch between the two input
paths of the PLL circuit 100, the calibration circuit 304 may
adjust the gain at the path of first input IN1 to eliminate the
dynamic phase error.

FIG. 5 1s an exemplary timing diagram illustrating dif-
ferent stages S1-S3 of a PLL circuit during the gain cali-
bration. At first, the PLL circuit 1s settled at frequency 11
(stage S1). Then, at timing t1, a frequency step 1d 1s injected
to the first and second 1nputs of the PLL circuit, such that the
PLL circuit begins to settle to a new frequency correspond-
ing to the frequency step 1d (stage S2). After timing t2, the
PLL circuit completes phase-locking, and 1s settled at fre-
quency 12 (stage S3).

The accumulator of the calibration circuit may generate
the first and second accumulated results by accumulating the
phase difference information during the PLL circuit 1s set-
ting and settled, respectively. As shown i FIG. 5, 1 an
embodiment, the first time interval I1 1s a period of time 1n
stage S2 that the PLL circuit i1s setting in response to the
injection of the frequency step 1d, and the second time
interval 12 1s a period of time 1n stage S3 that the PLL circuit
1s settled when the frequency step 1d 1s applied. Note that the
first and second time intervals 11 and 12 should be with the
same time lengths.

In another embodiment, the first time interval 1s 11, while
the second time interval 12' 1s another period of time 1n stage
S1 that the PLL circuit 1s settled before the frequency step
td 1s applied. Stmilarly, the first and second time intervals I1
and I2' should be with the same time lengths. The first
accumulated result corresponding to the first time interval 11
may 1include both the static phase error and the dynamic
phase error, while the second accumulated result corre-
sponding to the second time interval 12' may include the
static phase error only.

FIG. 6 illustrates a modulation circuit 60 according
another embodiment of the present disclosure. In this
embodiment, the calibration circuit 604 of the modulation
circuit 60 1s coupled to the path at the second mput IN2
(SDM path) of the modulation circuit 60.

As shown 1n FIG. 6, the modulation circuit 60 includes a
PLL circuit 100, a SDM 112, a scalar circuit 114, a phase
quantizer 602 and a calibration circuit 604. The phase
quantizer 602 quantizes the phase diflerence information
between reference signal S_ref and divided signal S_d.

The calibration circuit 604, coupled to the phase quantizer
602, includes an accumulator 606 for accumulating the
quantized phase difference information, a first register 608
for storing a first accumulated result, a second register 610
for storing a second accumulated result, a comparator 612
for comparing the first accumulated result with the second
accumulated result to generate a comparison result, and a
gain searching circuit 614 for receiving the comparison
result to adjust the modulating data MD at the second input
IN2 (i1.e., the SDM path for the PLL circuit 100). In the
example of FIG. 6, the gain searching circuit 614 includes a
sign bit register 616 and a SAR 618. The sign bit register 616
stores a sign bit of the comparison result, and the SAR 618
adjusts the modulating data MD at the second input IN2
according to the sign bit.

FIG. 7 1llustrates a flowchart 700 of an operating method
for calibrating gain mismatching of the modulation circuit
60 according to an embodiment of the present disclosure. At

first, the PLL circuit 100 1s settled (step 702). Then, a
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frequency step 1s applied to the first mput IN1 and the
second input IN2 of the PLL circuit 100 (step 704). For
example, N frequency tuning cells TC of the digital con-
trolled capacitor 1020 may be activated/deactivated to gen-
crate the frequency step at the first mput IN1, and for the
path of the second input IN2, the frequency step 1s equal to
N*Kd.

In response to the frequency step, the phase quantizer 602
quantizes the phase difference information between refer-
ence signal S_ref and divided signal S_d to generate quan-
tized phase difference information 1n digital format accord-
ingly (step 706). The calibration circuit 604 accumulates the
quantized phase difference information during a first time
interval to generate a first accumulated result and accumus-
lates the quantized phase diflerence information during a
second time interval to generate a second accumulated
result, respectively (step 708), compares the first accumu-
lated result and the second accumulated result to generate a
comparison result, and adjusts the iputted data at the
second 1mput IN2 according to the comparison result (step
710). In one embodiment, based on SAR searching algo-
rithm, the steps may be performed 1teratively until the gain
mismatching 1s within a tolerance (step 712). When the PLL
circuit 100 1s settled, a calibrated estimated tuming gain for
the oscillating module 102 can be calculated by Fsdm_{inal/
N (step 714), where Fsdm_final 1s a frequency step value for
the SDM path when the PLL circuit 100 1s settled.

As a brielf summary of flowchart 700, the basis of the
calibration 1s the gain at the path of first input IN1. If there
1s a gain mismatch between the two input paths of the PLL
circuit 100, the calibration circuit 604 may adjust the mput
data at the second 1nput IN2 to eliminate the dynamic phase
error, and the calibrated estimated tuning gain for the
oscillating module 102 can then be derived from the fre-
quency step value for the SDM path when the PLL circuit
100 1s settled.

It will be apparent to those skilled 1n the art that various
modifications and variations can be made to the disclosed
embodiments. It 1s intended that the specification and
examples be considered as exemplary only, with a true scope
of the disclosure being indicated by the following claims and
their equivalents.

What 1s claimed 1s:

1. A modulation circuit, comprising:

a phase locked loop (PLL) circuit, for generating an
output oscillating signal 1 response to a relference
signal, a first control signal and a second control signal,
the PLL circuit comprises:

a phase frequency detector, for detecting a phase differ-
ence between the reference signal and a divided signal;

a charge pump coupled to the phase frequency detector;

a loop filter, coupled to the charge pump, for outputting a
filtered signal 1n response to the phase difference;

an oscillating module, for generating the output oscillat-
ing signal 1n response to the filtered signal and the first
control signal, comprising:

a digital controlled capacitor bank, wherein the first
control signal controls the capacitance of the digital
controlled capacitor bank to adjust a frequency of the
output oscillating signal; and

voltage tuning capacitor bank, for performing phase-
locking 1n response to the filtered signal; and

the frequency divider, coupled to the oscillating module
and the phase frequency detector, for dividing the
frequency of the output oscillating signal by the divider
value to generate the divided signal;
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a scalar circuit, coupled to the PLL circuit, for receiving
modulating data and generating the first control signal
in response to the modulating data to control frequency
deviation of the output oscillating signal, wherein the
first control signal 1s 1n a digital form:;

a sigma-delta modulator for receiving the same modulat-
ing data and generating the second control signal
according to the modulating data to modulate a divider
value of a frequency divider of the PLL circuit;

a phase quantizer, for quantizing the phase difference
information between reference signal and divided sig-
nal to generate quantized phase difference information
in digital format; and

a calibration circuit, coupled to the phase quantizer, for
calibrating an estimated tuning gain of the oscillating
module 1n response to the quantized phase difference
information.

2. The modulation circuit according to claim 1, wherein

the digital controlled capacitor bank comprises:

a plurality of frequency tuning cells that each of which
comprises a capacitor and a switch;

wherein the first control signal indicates an estimated
tuning gain of the oscillating module, and the estimated
tuning gain represents an estimated amount of fre-
quency deviation that results from a unit-cell-change 1n
the digital controlled capacitor bank.

3. The modulation circuit according to claim 1, wherein

the calibration circuit comprises:

an accumulator, coupled to the phase quantizer, for accu-
mulating the quantized phase difference information
during a first time interval to obtain a first accumulated
result and accumulating the quantized phase difference
information during a second time interval to obtain a
second accumulated result;

a first register, for storing the first accumulated result;

a second register, for storing the second accumulated
result;

a comparator, coupled to the first register and the second
register, for comparing the magnitude of the first accu-
mulated result with the magnitude of the second accu-
mulated result to generate a comparison result;

a gain compensator, coupled to the scalar circuit, for
modifying the modulating data with a calibration gain;
and

a gain searching circuit, coupled to the comparator and the
gain compensator, for adjusting the calibration gain 1n
response to the comparison result.

4. The modulation circuit according to claim 3, wherein

the gain searching circuit comprises:

a sign bit register, for storing a sign bit of the comparison
result; and

a successive approximation register (SAR), for adjusting
the calibration gain according to the sign bat.

5. The modulation circuit according to claim 3, wherein
the first time 1nterval 1s a period of time that the PLL circuit
1s setting when a frequency step 1s applied to the PLL circuit
via the first input and the second 1input, and the second time
interval 1s another period of time that the PLL circuit is
settled before the frequency step 1s applied to the PLL
circuit.

6. The modulation circuit according to claim 3, wherein
the first time 1nterval 1s a period of time that the PLL circuit
1s setting when a frequency step 1s applied to the PLL circuit
via the first mput and the second input, and the second time
interval 1s another period of time that the PLL circuit is
settled when the frequency step 1s applied to the PLL circuit.
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7. The modulation circuit according to claim 3, wherein
lengths of the first time interval and the second time 1nterval
are equal.

8. The modulation circuit according to claim 1, wherein
the calibration circuit comprises:

an accumulator, coupled to the detector, for accumulating,
the quantized phase difference information during the
first time 1nterval to generate the first accumulated
result, and accumulating the quantized phase difference
information during the second time interval to generate
the second accumulated result;

a first register, for storing the first accumulated result;

a second register, for storing the second accumulated
result;

a comparator, coupled to the first register and the second
register, for comparing a magnitude of the first accu-
mulated result with a magnitude of the second accu-
mulated result to generate a comparison result; and

a gain searching circuit, coupled to the comparator, for
adjusting the modulating data 1n response to the com-
parison result.

9. The modulation circuit according to claim 8, wherein

the gain searching circuit comprises:

a sign bit register, for storing a sign bit of the comparison
result of the first accumulated result and the second
accumulated result; and

a SAR, for adjusting the modulating data according to the
sign bit.

10. An operating method of a modulation circuit com-
prising a phase quantizer and a calibration circuit, compris-
ng:

generating, by a phase locked loop (PLL) circuit, an
output oscillating signal 1 response to a reference
signal, a first control signal and a second control signal,
wherein the PLL circuit comprises a phase frequency
detector, a charge pump, a loop filter, an oscillating
module and the frequency divider;

receiving modulating data and generating, by a scalar
circuit coupled to the PLL circuit, the first control
signal 1n response to the modulating data to control
frequency deviation of the output oscillating signal,
wherein the first control signal 1s 1n a digital form;

receiving the same modulating data and generating, by a
sigma-delta modulator coupled to the PLL circuit, the
second control signal according to the modulating data
to modulate a divider value of a frequency divider of
the PLL circuat;

detecting, by the phase frequency detector, a phase dif-
ference between the reference signal and a divided
signal;

outputting, by the loop filter, a filtered signal 1n response
to the phase difference;

generating, by the oscillating module, the output oscillat-
ing signal 1n response to the filtered signal and the first
control signal;

dividing, by the frequency divider, the frequency of the
output oscillating signal by the divider value to gener-
ate the divided signal;

wherein the oscillating module comprises a digital con-
trolled capacitor bank and a voltage tuning capacitor
bank, the first control signal controls the capacitance of
the digital controlled capacitor bank to adjust a 1ire-
quency of the output oscillating signal, and the voltage
tuning capacitor bank performs phase-locking in
response to the filtered signal;
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quantizing, by the phase quantizer, the phase difference
information between reference 81gnal and divided sig-
nal to generate quantized phase diflerence information
in digital format; and

calibrating, by the calibration circuit, an estimated tuning

gain of the oscillating module 1 response to the
quantized phase difference information.

11. The operating method according to claim 10, wherein
the digital controlled capacitor bank comprises:

a plurality of frequency tuning cells that each of which

comprises a capacitor and a switch;

wherein the first control signal indicates an estimated

tuning gain of the oscillating module, and the estimated
tuning gain represents an estimated amount of Ire-
quency deviation that results from a unit-cell-change 1n
the digital controlled capacitor bank.

12. The operating method according to claim 10, wherein
the calibration circuit comprises an accumulator, a first
register, a second register, a comparator, a gain compensator,
and a gain searching circuit, and the operating method
turther comprises:

accumulating, by the accumulator, the quantized phase

difference information during a first time interval to
obtain a first accumulated result and accumulating the
quantized phase difference information during a second
time interval to obtain a second accumulated result;
storing, by the first register, the first accumulated result;
storing, by the second register, the second accumulated
result;
comparing, by the comparator, the magnitude of the first
accumulated result with the magnitude of the second
accumulated result to generate a comparison result;

moditying, by the gain compensator, the modulating data
with a calibration gain; and

adjusting, by the gain searching circuit, the calibration

gain 1n response to the comparison result.

13. The operating method according to claim 12, wherein
the gain searching circuit comprises a sign bit register and a
successive approximation register (SAR), and the operating
method further comprises:

storing, by the sign bit register, a sign bit of the compari-

son result; and

adjusting, by the SAR, the calibration gain according to

the sign bat.

14. The operating method according to claim 12, wherein
the first time 1nterval 1s a period of time that the PLL circuit
1s setting when a frequency step 1s applied to the PLL circuit
via the first mput and the second input, and the second time
interval 1s another period of time that the PLL circuit is
settled before the frequency step 1s applied to the PLL
circuit.

15. The operating method according to claim 12, wherein
the first time 1nterval 1s a period of time that the PLL circuit
1s setting when a frequency step 1s applied to the PLL circuit
via the first input and the second input, and the second time
interval 1s another period of time that the PLL circuit is
settled when the frequency step 1s applied to the PLL circuit.

16. The operating method according to claim 12, wherein
lengths of the first time interval and the second time interval
are equal.

17. The operating method according to claim 10, wherein
the calibration circuit comprises an accumulator, a first
register, a second register, a comparator and a gain searching
circuit, and the operating method further comprises:

accumulating, by the accumulator, the quantized phase

difference information during the first time interval to
generate the first accumulated result, and accumulating
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the quantized phase difference information during the
second time interval to generate the second accumu-
lated result;

storing, by the first register, the first accumulated result;

storing, by the second register, the second accumulated

result;
comparing, by the comparator, a magmtude of the first
accumulated result with a magmtude of the second
accumulated result to generate a comparison result; and

adjusting, by the gain searching circuit, the modulating
data 1n response to the comparison result.

18. The operating method according to claim 17, wherein
the gain searching circuit comprises a sign bit register and a
SAR, and the operating method further comprises:

storing, by the sign bit register, a sign bit of the compari-

son result of the first accumulated result and the second
accumulated result; and

adjusting, by the SAR, the modulating data according to

the sign bat.
19. An operating method of a modulation circuit, com-
prising;:
generating, by a phase locked loop (PLL) circuit, an
output oscillating signal 1 response to a relference
signal, a first control signal and a second control signal;
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recetving modulating data and generating, by a scalar
circuit coupled to the PLL circuit, the first control
signal 1n response to the modulating data to control
frequency deviation of the output oscillating signal,
wherein the first control signal 1s 1n a digital form:

receiving the same modulating data and generating, by a
sigma-delta modulator coupled to the PLL circuit, the
second control signal according to the modulating data
to modulate a divider value of a frequency divider of
the PLL circuit;

applying a frequency step to the PLL circuit;

quantizing phase difference information indicating a
phase difference between the reference signal and the
divided signal;

accumulating the phase diflerence information during a
first time interval and a second time interval to obtain
a first accumulated result and a second accumulated
result, respectively; and

calibrating an estimated tuning gain for an oscillating
module of the PLL circuit according to a comparison
result of the first accumulated result and the second
accumulated result, wherein the oscillating module
comprises a capacitor bank whose capacitance 1s
adjusted 1n response to the frequency step.

G ex x = e



	Front Page
	Drawings
	Specification
	Claims

